Protochlorophyllide oxidoreductase: a homology model examined by site-directed mutagenesis.
An homology model of protochlorophyllide reductase (POR) from Synechocystis sp. was constructed on a template from the tyrosine-dependent oxidoreductase family. The model showed characteristics appropriate to a globular, soluble protein and was used to generate a structure of the ternary complex of POR, nicotinamide adenine dinucleotide phosphate (NADPH), and protochlorophyllide. The POR ternary model was validated by mutagenesis experiments involving predicted coenzyme-binding residues and by chemical modification experiments. A core tryptophan residue was shown to be responsible for much of the protein's fluorescence. Both quenching of this residue by coenzyme and fluorescence resonance energy transfer (FRET) from the protein to the coenzyme allowed the binding constant of NADPH to be determined. Replacement of this residue by Tyr gave an active mutant with approximately halved fluorescence and a negligible FRET signal, consistent with the role of this residue in energy transfer to the NADPH at the active site and with the model. The mechanism of the enzyme is discussed in the context of the model and semiempirical molecular orbital calculations.